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1. Introduction

A direct consequence of the theory describing the formation of the
earth's magnetosphere is the concept of a large scale electric field which, by
being mapped by the earth's magnetic field will cause plasma motion in the
polar regions of the earth. This plasma motion is sometimes called convec-
tion, and the electric field driving the plasma motion is often referred to as
the convection electric field. When looked at on a fine scale both temporari-
ly and spacially the motion of the plasma is very complex, however a general
pattern is clear involving antisunward flow of ionospheric plasma from noon to
midnight over the polar cap, and a return, sunward, flow from midnight to noon

at lower latitudes, producing a two—-cell convection pattern.

The convection electric field driving the plasma is linked to the geomag-
netic field, the pole of which is offset from the geographic pole and rotates
about the geographic pole once per day. The combination of the oscillatory
convection flow and the tendency of plasma to corotate at lower latitudes pro-
duces complex patterns of flow, even on the large scale of the whole polar re-
gion. There 1is rapid motion of the plasma in some places and stagnation at
others. This type of flow pattern produces major effects on the ionospheric

plasma density and composition at high latitudes.

The work associated with this contract was directed to the study of these
effects on the high latitude ionosphere. The work fell into three broad cate-
gories:

1) Steady state studies of the altitude profile of high latitude
ionospheric composition for a wide range of geophysical
conditions.

ii) A mathematical model of the average convection electric field
with universal time dependence included and the consequent

plasma flow characteristics.

iii)Development of a comprehensive time dependent high-latitude




ionospheric plasma model by combining the work developed in

! i) and ii).

Lﬁ In addition to the theoretical modelling work, comparisons were made with

. experimental results relating both to convection trajectories and to the io-
nospheric plasma density and composition. In the cases studied the experimen-

tal results showed good agreement with the theoretical model.

E! 2. Steady State High-Latitude Ionospheric Model
-
- In order to more accurately reflect the chemical and diffusion processes

governing the plasma in the high-latitude ionosphere we extended a model de-

veloped earlier (Schunk et al, 1975, 1976) to include N' in addition to NO',

d+, N+ and 0+, and to use representative He+ profiles derived from earlier

He outflow studies (Raitt et al, 1978a, 1978b). The model allowed for Joule

heating due to plasma convection through the neutral atmosphere; it included
the latest MSIS model atmosphere (Hedin et al, 1977a, 1977b) and an empirical
model for N (Engebretson et al, 1977); recently published solar UV fluxes were

included (Hinteregger et al, 1977); and the latest values for ion chemistry

reaction rates were used.
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The model was used to calculate the variability in the high-latitude {o-
nospheric composition under steady state day-time conditions for ranges of ge-
ophysical parameters. The parameters we varied were season, geomagnetic ac-
tivity, and solar cycle. Details of the results are given in the paper
"Atomic Nitrogen Ions and Oxygen Ions in the Daytime High-Latitude F-Region”
by R.W. Schunk and W.J. Raitt included in appendix A.

g

-, The steady state model developed formed the basis of the time dependent
o model to be used in conjunction with a medel for plasma convection resulting
f from the magnetospheric electric field being mapped into the ionosphere.
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3. High-Latitude Plasma Convection Model

It is generally accepted that a large scale electric field . exists from
dawm to dusk across the flanks of the earth's magnetosphere. This electric
field maps to the polar ionosphere along geomagnetic field lines and causes an

EX B drift of ionospheric plasma in a two-cell pattern over the polar cap

and to lower latitudes determined by the extent of the penetration of the mag-
netospheric electric fields into mid-latitudes. Detailed studies of this pat-
tern by experimental observations indicate a great deal of temporal and spa-

tial fluctuations. However, the general average pattern is as described

B2l " PRI SRR

above, and in the work performed under this contract we were aiming to look at
the background conditions of convection and the resulting effects on the
high-latitude ionospheric plasma rather than study the fine detail resulting

from small scale perturbations to the convection pattern.

RPN S el Mathinthe

In the absence of a convection electric field, the plasma is driven to

T

corotate with the earth's atmosphere. Viewed from an inertial reference frame
the net motion of the plasma is a combination of corotation and convection re-
sulting in a stagnation region on the dusk/evening side of the polar regioms.
The motion of the plasma is further complicated by the offset between the geo-
graphic and geomagnetic poles resulting in a diurnal variation of either coro-
tation or convection depending if the plasma motion is viewed in a geomagnetic

or a geographic inertial frames respectively.

Detailed studies of the 'motion using a model in which the strength, map-
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ping region, and symmetry of the magnetospheric electric field were made. The
results of this study are described in the paper entitled "Effect of Displaced

Geomagnetic and Geographic Poles on High-Latitude Plasma Convection and
Ionospheric Depletions™ by J.J. Sojka, W.J. Raitt, and R.W. Schunk included in
appendix A to this report. As a follow up to this study predictions were made

for the convection velocities expected at high-latitude radar back-scatter

MaEA Rouae AR Cane v avmenacy

stations at EISCAT and Sondre Stromfjord in the paper "High-Latitude Plasma
Convection predictions for EISCAT and Sondre Stromfjord” by J.J. Sojka,
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W.J. Raitt, and R.W. Schunk included in appendix A. A comparison with actual
convection velocity data made by the incoherent scatter radar at Chatinika was

made and is described in the paper "High-Latitude Convection: Comparison of a

simple model with incoherent scatter observations” by J.J. Sojka, J.C. Foster,
W.J. Raitt, R.W. Schunk, and J.R. Doupnik also included in appendix A. The

final study of the predictions of the convection model was to compare ionos-
pheric convections in the northern and southern polar regions. This compari-

son showed a considerable difference largely due to the different displace-

‘ments of the north and south geomagnetic poles from their respective geograph-

ic poles. Details of this comparison are given in the paper "A Comparison of
Model Predictions for Plasma Convection in the Northern and Southern Polar
Regions” by J.J. Sojka, W.J. Raitt, and R.W. Schunk included in appendix A.

In general we found that although our magnetospheric convection mwmodel
needed few parameters to define it, it predicted many of the convection fea-
tures seen by satellite observations and incoherent scatter radar observa-
tions. In particular it threw light on some of the problems associated with
interpolating convectlion velocities over the whole polar cap based on satel-

lite traverses taken at different universal times.

As a result of thesc studies we felt that we were in a position to com-
bine this convection model with the ionospheric model described in section 2
and develop a computer program which enabled us to follow packets of plasma as
they moved in the high latitude region under the combined influence of the

convection electric field and corotation forces.

4. Time Dependent High-Latitude Model

A computer model was developed to follow packets of plasma from a steady
state noon altitude profile of the various ion species forming the
high-latitude ionosphere as they convected around the high-latitude regions at
varying speeds and in varying directions. By selecting sufficient trajecto-
ries and allowing the plasma to move for a period of 1 1/3 days (to accomodate
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trajectories passing near the stagnation region) a map of ionospheric plasma
composition over the altitude range 150-800 km as a function of latitude,

local time, and universal time was built up.

The extent of the computations and the amount of data accumulated was
.i such that the large computer resources of the CRAY-1 at NCAR were required. A

comprehensive survey of the polar and mid-latitude regions for a given set of
geophysical conditions generated approximately 20,000 altitude profiles for

each of the six ions considered in our model.

This large amount of data was compressed for presentation by binning in
the three variables, UT, local time, and altitude and presenting the data as
contour plots supported by detailed altitude plots to emphasize certain fea-

tures of the results.
At present we have studied the high latitude ionosphere with our model
for the following geophysical conditions:
i. Winter, solar minimum, low magnetic activity.
ii. Winter, solar minimum, high magnetic activity.
iii. Summer,, solar minimum, high magnetic activity.

The results of these studies have been published in the following papers
which are included in appendix A. "A Theoretical Study of the High-Latitude

Winter F-Region at Solar Minimum for low Magnetic 'Activigy" by J.J. Sojka,
W.J. Raitt, and R.W. Schunk, "Theoretical Predictions for Ion Composition in

the High-Latitude Winter F-region for Solar Minimum and Low Magnetic Activity”
by J.J. Sojka, W.J. Raitt, and R.W. Schunk, "Plasma Density Features
Associated With Strong Convection in the Winter High-Latitude F-Region™ by
_ J.J. Sojka, W.J. Raitt, and R.W. Schunk, "Seasonal Variations of the
»{ High-Latitude F-Region for Strong Convection™ by J.J. Sojka, R.W. Schunk, and

W.J. Raitt. In addition to the comparison of model predictions with experi-
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mental observations have been made using data from the DMSP satellites which
!I provided good experimental confirmation of the UT effect predicted by the

model. These results are detailed in the paper "Observations of the Universal

Eg Time Dependence of the High-Latitude F-region Ion Density by DMSP Satellites”
E} by J.J. Sojka, W.J. Raitt, R.W. Schunk, F.J. Rich, and R.C. Sagalyn included
u in appendix A.

The present state of our modelling work has been summarized in three re-
view papers; "Modelling the High-Latitiude Ionosphere™ by W.J. Raitt,
;‘_ R.W. Schunk, and J.J. Sojka, "High-Latitude Ionospheric Model: First Step
Towards a Predictive Capability” by R.W. Schunk, W.J. Raitt and J.J. Sojka,
"Composition and Characteristics of the Polar Wind" by W.J. Reitt and R.W.

Schunk which are included in appendix A.

h M AN

-

5. Conclusions and Recommendatons

We feel that in recent years there have been considerable advances in our

q iﬁ*v:vo"" vy
' I N

understanding of the physical processes resulting in the dynamic behavior of
:; the high-latitude ionosphere evidenced by the complex nature of high-latitude
’ ionospheric measurements. The work described in this report has brought our
research to the point where we believe we have a tool to enable predictions to
be made for the high-latitude P-~region both for operational uses, and to in-

terpret measurements.

We have just started to study the geophysically imposed 1limits expected

. vf average high-latitude fonospheric behavior. This asﬁect of the work should
Fi be completed by studying other combinations of season, geomagnetic activity,
L. and solar cycle which have not yet been studied using our model.

-

= The present model does not have provision to include the short term ef-
N fects of magnetospheric substorms. We believe this feature can be added to
éﬁ the model and should form part of continuing studies in this area, since the
;’ short term effects can result in very marked changes in the propagation char-
L
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acteristics of the F-region for short periods of time.

In summary therefore, we feel that this study has advanced our knowledge
of the physical processes occuring in the high-latitude ifonosphere to the
point that a model of practical use could be developed. We recommend that the
work be continued to explore the 1limits of the average behavior of the
high-latitude ionosphere and that the effects of magnetospheric sub-storms
should subsequently be included. Finally the data sets produced by the vari-
ous combinations of geophysical parameters should be used with an interpola-
tion to enable a rapld assessment of high-latitude ionospheri: conditions to
be made for any combination of the geophysical parameters which have a major

effect on the ionospheric properties.
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MODELLING THE HIGH-LATITUDE 1ONOSPHERE
W.J. Raict, R.W. Schunk and J.J. Sojka

Center for Atmospheric and Space Sciences
Utah State University
Logan, Utah 84321
U.S.A.

ABSTRACT

Results of an ionospheric mndel program are presented which demonstrate the extreme variability of the
steady state, daytime, ionospheric F-region electron density and ion composition due to both neutral
atmospheric changes with solar cycle, season and magnetic activity‘. and to the effects of ionospheric
drifes caused by perpendicular electric fields. Consideration is given to the time history of the
ionaupheric plasma as it undergoes convective motion due to the combined effects of co-rotation forces and
electromagnetiz forces, which results from the mapping of the magnetospheric cross-tail electric field to
the rotating ionosphere. A simple model of the convection pattern is described. The model calculates the
net effect of the tendency for the plasma to co-rotate about the geographic pole and the E x B velocity
induced by a perrpendicular electric field mapped to a circle centered about a point 5 anti-sunward of the
geomagnetic pole and oriented such that the equipotentialc are parallel to the noon-midnight meridian.
This convection pattern shnws the generally accepted features of high latitude convection, but because of
the offset betwsen the geographic and geomagnetic poles a marked universal time dependence in these
featyres is predicted. The results of a comparison of the convection model with ground-based incoherent
scatter radar measurements from Chatanika and Millstone Hill are shown to be in good general agreement. In
addition, differences in the convection pattern between the northem and southem polar ifonospheres are
shown to be important, particularly in the case of ssymmetric magnetospheric electric fields. Finally,
maps are shown of the modelled jonospheric composition and density for a convecting polar ionosphere

demongtrating the formation of commonly cbserved features such as the mid-latitude trough and the polar
hole, apd thelr dependence on universal time.
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“Composition and Characteristics of thc Polar Wind”

W. J. Raitt and R. W. Schunk

ABSTRACT

\le have discussed in general terms the mechanism of the polar wind, des-
cribing a pressurc gradient driven flow of light jons (H+, Hc+) from a source
region around 300 km altitude to the outer regions of the magnctosphere along
geomagnetic field lines. Although it is pointed out that the dynamical nature
of the high-latitude ionospheric source will result in an outward flux of
light ions which is both spatially and temporally var}able the average value
is ginerglly accepted to be of the order of 3 x 108cm c" for HY ions and 2
x 10°cm “sec © for He ions.

The results of detailed theoretical models of nt and He' outflow are pre-
sented. The resulting density, temperature and velocity profiles arc examined
under a variety of conditions to bracket the range of values which mightr be
expected to be encountered in the terrestrial environment. Recent develop-
ments of the theoretical modeling of light ion outflow are discussed, in which
changes are predicted in the distribution functionm of the polar wind specices
in terms of temperature differences parallel .rd perpendicular to the magnetic
field dircction.

The final section collects together the published experimental evidence
for the polar wind. The measurcments exist only in the upper ionosphere and
consist of either direct observations of the flow velocity, or indirect obser-

vations in terms of differences in the light ion density at a given altitude
between low latitude regions of little or no outflow, and polar regions where
a strong outflow is expected.

The principal conclusion presented in the paper is that polar wind stu=
dies represent a field of geophysical research in which theoretical modeling
has far outstripped cxperimental observations. It is hoped that programs such
as the cxisting ISEE and Dynamics Explorer projects and the proposcd OPLN pro-
ject will go some way to allcviate this deficiency.
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ATOMIC MITROGEN AND OXYGEN 10NS IK THE DAYTLML HICH-LATITUDL F REGION
R. W. Schunk and W. J. Rairt

Center for Atmospheric and Space Sciences, Utah State University, Logan, Utah 84322

Abstract. We have extended our
high-latigude, ionospheric, dynamic mogel 19
inglude N _ in addition o the ions N0, 0, ,

N, , and O . The ion He was also inc]udeg but
agtitude profiles of this jon were obtained from
our previous polar wind study. We have further
improved our model by updating the various
chemical reaction rates and by including the
latest solar EUV fluxes measured by the
Atmosphere Explorer satellites, the most recent
MS1S model of the neutral atmosphere (N,, 0, O,
and He) and the latest empirical model of atomic
nitrogen. The improved model was used to study
the solar cycle, seasonal, and geomagnetic
activity variations of the daytime high-latitude
F layer. Both zonal and wmeridional convection
electric fields were considered. Without +
allowance for electric fields, the peak 0 and W
densities varied by an order of magnitude and the
altitudes of the peaks varied by about 100 km
over the range of geophysical conditions studied.
Convection electric fields can also produce gbout
an order of magnitude change in the 0 and N
densities. These electric field induced changes
could either assist or oppose the solar cycle,
seasonal, and geomagnetic activity varijations
depending on the lonospheric conditions. 1n
general, N was the second most abundant ion in
the upper F region, but ;here were cases+when He
was more abundant than N even though He was in
a state of outflow. Also, we speculate that at
times, N can be the dominant ion in the upper F
region.

High-Latitude Ioncspheric Model: First Step Tovards a Predictive Capabilirty

R.W. Schunk, W.J. Raitt and J.J. Scjka

Center for Atmospheric and Space Sciences
Utah State University, Logan, Utah 84322

LLSTRACT

We combined a simple plasma convection model with an fonospheric-atrcspheric composition model
ir order to simulate high-latitude jonospheric behavior. The convectson model includes the of fset
between the preographic &nd gecnagnetic poles, the tendency of plasma to corotate about the geographic
pole, and a dawn/dusk maguetospheric electric field majped to a circular region in the joncsphere
ehout & coenter offset by a few degrees in the antisurvard direction frux the magnetic pole. The io-
notpheric-atmespheric  conpesition model takes account of plasma convection, plasma diffusion, photo-~
chemical processes, theraospheric winds, and ion production due to both auroral precipitation and re
:ovantly. scaxtfxed solar radjation. A ;ypicgl n¥merical simu]axion produces time-dependent,
2-dimencional, jon density distributions (NO', 0,7, R.,7, 0 » ¥ &nd He ) for the high-latitude jonos~
phere  above 42 magnetic latitude and at aleitides Eetuecn J60-800 kp. One of the early resylts to
ererge from the yse of this nunerical model was that bhigh-latitude featvures, Ssuch as the ‘'zain
trough', the ‘jonization hole', the 'tonpue of jonization', the *aurorally produced icnization
peaks', and the "universal time effects', are &« natural convequence of the competition between the
verious chemjcal and iréntport processes hnown to be ovperating in the high-latitude iuncspliere. 1n
this investigation the nuserical model wes used to study the variations of the electron density with
altitude, Jlatitude, longitude, and universal time for ionospheric conditions correzponding to winter
selstice &nd for cenvertion electric field patierns that are representative of both Jow and high geo-
wrgpnetie activity conditions. In sddition, we siudied the aurphology of h F_, N F,, the F-region
total electron dentity content, and the tepside plasua dennjty scale heiﬁht. w2 w2
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EFFECT OF DISPLACED GEOMAGNETIC AND GEOGRAPHIC POLES ON HIGK-LATITUDE
PLASMA CONVECTION AND IONOSPHERLC DEPLETIONS

J. J. Sojka, W. J. Raitt, and R. W. Schunk

. Center for Atmospheric and Space Sciences, Utah State Unjiversity, Logan, Utah 84322

Abstract. We assumed that the ionospheric
plasma at high latitudes has a tendency to
corotate about the geographic pole and that
magnetospheric convection {s relative to the
geomagnetic pole. With this assumption we
calculated plasma drift pacterns over the polar
cap for a range of constant magnetospheric
electric filelds as well as for asymmetric
electric fields with enhanced plasma flow on
either the dawnside or the duskside of the polar
cap. We calculated the drift patterns in both
the geographic inertial and the geomagnetic
inerctial frame taking into account the
displacement between the geographic and

geomagnetic poles. We found that this

displacement between the poles has an important

o effect on the plasma drift patterns. In
: particular, we found the following: (1) A time-
L‘] independent magnetospheric electric field

produces a flow pattern in the magnetic {nertial
frame that does not vary with universal time.
(2) This flow pattern becomes UT dependent f{n
the geographic inertial frame because of the
= motfon of the geomagnetic pole about the
geographic pole. (1) The UT variation of the
plasma flow pattern in the geographic {inertial
frame occurs on a time scale that is comparable
to satellite orbital perlods and that is much
less than typical plasma coavection flow times
over the polar cap. (4) In the gengraphic
inertial frame the main region of very low speed
flow i{s not centered at L8BOO LT but moves from
about 1300 ro 2300 LT during the course of a
day. (5) In the geographic inertial frame a
throatlike feature appears at certain yniversal
times owing to the relative motion of the
geographic and geomagnetic poles. This feature
is not seen in the geomagnetic inertial frame
and is not connected with our model of the
magnetospheric electric fleld. These results
and others described in the paper have important
implications for both the interpretation of
satellire data related ¢to high-latitude
ionospheric dynamics and the formation of
ionospheric troughs.
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HIGI LATITUDE PLASMA CONVECTION: PREDICTIONS
FOR EISCAT AND SONDRE STROMFJORD

J.J. Sojka, W.J. Raitt and R.W. Schunk
Center for Atimunpheric and Space Sciences, Utah State University, Logan, Utah 84322

: Abstract. We have used a plasinn convection model to
o predict diurnal patterns of horizontal drift velocities in the
vicinity of the EISCAT incoherent scattec facility at Tromsa.
. Norway and for Sondre Stromfjord, Greenland, a proposed new
incoherent scatter facility site. The canvection model includes
o the offset of 11.4° between the geogriphic and geomagnetic
p poles {northern henusphere), the tendency of plasma to corotate

about the geographic pole, and a magmtospheric electric field
] mapped to a circle about a center offsct by 5° in the anti-
t sunward direction from the magrutic pole. Four different
} magnetospheric electric field configurations were considered.
including a constant cross- tail electric ficld, asymmetric electric
fields with enhancements on the dawn and dusk sides of the
polar cap, and an electric field pattern that is not aligned
parallel to the noon-midnight magnetic ineridian. The different
) electric field configurations produce different signatures in the
- plasina convection pattern which are clearly identified. Both of
these high-latitude sites are better suited to study
magnetospheric convection effects than either Chatanika,
Aleska or Millstone Hill, Massachusetts. Also, each site
appears to have unique capabilities with regard to studying cer-
tain aspects of the magnetospheric electric field.
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HICH-LATITUDE CONVECT LON: COMPARISOM OF A SIMPLE MODEL
WITH INCOHEKENT SCATTEK OBSERVATLONS

J. J. Sojka, J. c. Foster, W. J. Raitt, R. W. Schunk
and J. R. Doupnik

" T"T-V -

Center for Atwmospheric and Space Sciences, Utah State University, Logan, Utah 84322

N ._\_tgs_g_r_a_ci We have compared a simple model of
X plasma convection at high latitudes with data
obtained from simultancous Measurements made by
the incoherent scatter factlities at Chatanika
Alaska and Millstone Hill, Massachusetts in Jun;
1978 during moderately disturbed conditions. The
measured hourizontal plasaa drifg velocities were
dveraged for four days to emphasize gross
tee:lures of the convection Pattern and teduce the
efiects of substorms. The convection model
includes the offset of 11.5° betwecen the
feographic and geomagneric poles, the tendency of
plasma to corotate about the geographic pole, and
4 constant dawn/dusk magnetospheric electric
field mapped to a circle abour a center offset by

- 5 in the anti-sunward direction fron the
magnetic pole. The radius of the circle
. corresponds to 177 of latitude and the electric

potentials are aligned parallel to the
- noon/midnight meridian within the circle.
. hauatorvard of the clrcle the potential
dininishes radtally and varies inversely as the

~ fourth power of sine magaetic co~latitude. A
- consrquence of these two offsets and the sunward
alignment of the magnetospheric clectric field is
that our aodel predizts different diurnal
convection patteras when viewed at different
longitudes in the geograpnic frame. The
concurrently observed diurnal disteibutions of
horizontal piasma convectjion velocitles are
differeat for Chatanika and Millstone Hill even
though the peasurements cover approximately the
Sune rdnge of magnetic latitudes. We find 'them
15 good agreeuent between our simple avdel and
the gross features of these two diui-nal patterns,
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A Compari:on of Mode! Predictiogs for Plusme Canscction
in the Nertharn and Southern Polar Rogions

J. J. Sojka, W. 2. Raitt, and R. W. Schunik

Center for Atmosgpheric and Space Scicnces, Utzh State University
Logan, Uian 84322

. We have: presented model culculntiony to stiow how
flow distribu:tions in the northern and cauthern polar
regicine difier when viewed from a geogrephis irertizl f-ame Thus
refezence frams woas roelecled because it is the natural fiame for
goeupro sical plazioa flow measurzments, ther2 being well krown
velucity coitections for either sctellite or ground.Lasag observa-
tinns. Although the mapnetic invariant latitude, mzguelic inczl
time rcference frame iy hetter suitsd to studying magietospher:e
procesies. a transformation from the gerwraphic ineriis! {rere to
this rizgnetic fraiae requires both a spatiel znd velngty transior-
metion, and since the latter correction has generaily been
negiscted. we prefer tr, present our resulis in the geographic iner-
tia! fraie. However, we alss precent some of our results in the
maguctic frome, tzking accoant of the compl:te transfarnation.

3

Qur ceavecticr model includes the offset betwenn the gevgraphic

and geomzgnetic poles, the tencdency of plzema ta corotate about
the geogrephic poles. snd a dawn/dusk magnelospheric electric
field mzoped to a circlz about a center offsct by $° in the antisun-
~ward direction from the magnetic poie. We coasidered bath

uniforsn ard asyininctric magnetospheric eiectric ficld configura-

tions. Our a2symnuctric electric fielé dictribution contained an

enhanced Seld in the Jawnside northern hemisphere in conjune-

tion with an enhanced ficld in the duskh:ids southern heniisphere

From our study we have found the following: (1) In the
gengraphic inertial frame the piasmz flow patierns in botn
hzmisphares exhibic significant variativns with upiversa! time
‘pezzuse of the relative inotion of the gromegnetic and geographic
poles. (2) This unive: sa! time variation i3 grester in the sotthern
polar region than in the northern pciar region beciuse of the
greater dispiacement bciween the geomagnetic and geographic
poles. (3) For the case of a uniforn: magr.etcspheric eleciric fieid
the universal time dependence of the plasnia flow dist-ihutionsin
the two hemispheres is cimilar, but there is a phese shift of about
ha!f a day between them. {4) For the case of 2n asymmetnc
magnetospheric electric field this hall-day phase shift is still
noticenble, but there wre significant differences betwren nortiiern
and southern hemisplere corvection patterns. (5) The transfo--
mation of plasma convetion pztterns from the geographic irer-

tial to the geomagnetic quasi-inertial frarme resuits in the same
convection zatiern for both he:nispheres ior the case of a uniform
magnetospheric eiectsic field, but results in different convection
pitterns for the two he mispheres for the more cenunon case of an
asyminetric  electric ficld  cenfiguration. (6} Beciuse the
megnetospheric eleciric field distrinutions in the nortlern and,
couthern polar regions are generelly asvinmelric, crron=—nas €op-
clusions can be drawn about piazma convection petterns if catz
taken along zatellite tracks from the northern ard southert poiar
regfons are overizid This is true whether the overlaying ts done
in ihe geornaaetic quasi-inertial frame or the geugraphic inertisl
freme.
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J.J. Sojka, W. J. Ruitt, und K. W*Schunk ‘

Center for Atmospheric and Space Sciences, Utah St ate University, Logsn, Utah #4322

Abstract. We combined a simple plasima convection madel
with an ionospheric-atmospheric composition model in order Lo
study the high-lstitude winter F region at solar minimum for
low muegnetic activity. Our numerical study produced time
dependent, three-dimnensional jon density distributions for the
wns NO', 0,%, N,*. 0%, N*, und He'. We covered the high-
latitude ionosphere above 54°N magnetic latitude and at
altitudes between 160 and K00 km for a time period of one com-
pletr- day. The main result we obtained was that high-latitude {
ionospheric features, such as the ‘main trough,’ the ‘ionization
hole.” the ‘tongue of ionization,” the ‘aurorally produced ioniza-
tion peaks,” and the ‘universa) time effects,’ are » natural conse
quence of the competition between the various chemical and l
transport proceeses known to be operating in the high-latitude
ionosphere. In sddition, we found that (1) the F region peak elec-
tron density at a given Jocation and Jocal Lime can vary by more
than an order of mugnitude, owing Lo the UT effect that results
from the displacement between the geomagnetic and geographic
poles; (2) a wide range of ion compositions can occur in the polar
F region at different locations and times: (3} the minimum value
for Lhe electron density in the main trough is sensitive to noctur-
nal maintenance processes; {4) the depth and longitudinal extent
= of the main trough exhibit a significant UT dependence: (5) the
g way the auroral oval is positioned relative to the plasma convec-
tion pattern has an appreciable effect on the magnetic local time
extent of the main trough; (6) the spatial extent, depth, and loca-
i tion of the polur ionization hole are UT dependent; (7) the level
b 5 of ion production in the morning sector of the auroral oval has

an appreciable effect on the location und spatia) extent of the
N polar ionization hole; and (8) in the polar hole the F region peak
electron density is below 300 km, and at 300 km, diffusion is a
very important process for both O and NO*. Contrary to the
suggestion baved on sn analysis of AE-C satellive data obtained
in the polar hole that the concentration of NO¥ ijons is chemi-
cally controlled, we find diffusion to be the dominant process at
300 km.

THEORETICAL PREDICTIONS FOR ION COMPOSITION IN THE HIGH-LATITUDE
WINTER F-REGION FOR SOLAR MINIMUM AND LOW MAGNETIC ACTIVITY

J.J Seyka, W.J. Raitt, and R. W. Schunk

Center {o- Atmaspheric and Space Sciences, Utah State University, Logan, Utah 84322

_Ahstract. We combined a siniple plasma convection model
with an 1onoapheric atmospheric density model in order to
study the ion compnsition in the hizhlatitude winter ¥ region
at solar minimum for low geomagntic activity. Qur numenical
study produced time-dependent, 3dimensional, ion density
distributions for the ions NO*, 0,*, N,*, 07, N*, and He*. We
covered the high latitude ionosphere shove 54°N magnetic
Iatitude and at altitudes between 160 and 800 km for a time
period of 1 complete day. From our study we found the follow-
iny; {1) The ion composition exhibite u significant variation with
Iatitude, local time, nititude, and univerval titne. (2) The varia
tiony of the ion composition with latitude and local time are in
gond areement with the Atmosphere Explorer measurements
botl quantitatively and qualitausely. (3) At times ard at cer
tein locations the molecular jon density can be comparable to
the O* density at 300 km, and at 200 km the O* density can be
comiparable to the molecular ion density. These results have
important implications for the intecpretation of incoherent scat-
ter radar spectra obtaired at high-latitudes. (4) Different
ground-bused observation sites should measure different diur-
nal vatintions in won composition even if these sites are approx-
imnately at the same magnetic latitude uwing Lo the UT tesponse
of the high-latitude ionosphere. (5) A satellite in a 300 km cir-
cular polar orbit should measure large orbit to orbit variations
in both electron density and ion compnsition. again owing to the
UT response of the polar ionosphere. (6) Ertoncous conclusions
cen be drawn sbout ion density seale heights if the vierations
rlong the track of a satellite in a highly elliptical polar arhit are
assimexd to be only due W altitude varations.,
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_ Plasma Density Features Associated With Strong Convection
5 in the Winter High-Latitude F Region

: J.J.S0JKA, W.J. RAITT, AND R. W. SCHUNK
Center for Atmospheric and Spuce Sciences, Utah State Unjversity, Logan, Utah 84322

tion model in order to study the plasma density features associated with strony convection in the
winter high-latitude F region. Our numerical study produced time-dependent. thre«-dimensional,
jon density distributions for the ions NO*, 0,* N,*, 0% ,N*, snd He*. We covered the high-
latitude ionosphere above 42° N magnetic latitude and at altitudes between 160 und 500 km for 2
time period of one complete dey. From our study, we found the following: (1) For strong convec-
tion, the electron density exhibits & significant variation with sltitude, latitude, Jongitude, and

] We combined a simple plesma convection model with an jonospheric-atmoupheric composi-
. a

! universal time. A similar result was obtained in our previous study dealing with & weak convec:
b tion mode). (2] For strong convection, ionospheric features, such es the main trough, the surorally

produced jonization peaks, the polar hole, and the tongue of ionizetion, are evident but they are
d modified in comparison with those found for slow convection. {3) For strong convection, the

tongue of ionization is much more pronounced than for weak convection. (4) The polar hole that is
essociated with quiet geomagnetic activity conditions does not forrn when the plasms convection

: is strong. (5) For strong convection, 8 new polar hole appears in the polar cap at certnin universal
{ times. This new polar hole is associated with large downward, electrodynamic plasme drifts. (6)
: For strong convection, the main or mid-latitude electron density trough is not ay deep as that
found for a week convection model. However, it is still strongly UT dependent. (7) The

jonospheric parameters N, Fy. h,F, and the Lopside plasma density scale height exhibit an
.- appreciable varistion over the polar region at & given UT.

() huiafS

: Observations of the Diurnal Dependence of the High-Latitude F Region
. Ion Density by DMSP Satellites

J.J.S0JKkA. W.J. RAITT, AND R. W. SCHUNK

Center for Atmospheric and Space S:iences, Utah State University, Logan, Utah 84322
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g F.J. RICHAND R. C. SAGALYN

d Air Force Grophysics Laboratory, Hanscom Air Force Base, Badford, Massachusetts 01731

-

A Data from the DMSP F2 and Fd satellites for the period Decernber 5-10, 1979, have heen used
to study the diusnal dependence of the high-latitude ion density at 800-km altituds. A 24 hous

:’ periodicity in the minimum orbital density (MQD) during 4 crossing of the high lat'tudy region is

. observed in hoth the winter and sumimer hemispheres The phase of the variztion in MOD s such

S . that it has a ninimum d'iting the 24-hour period between 0700 2nd 0900 UT. Bath the loay term

5 variation of the high-lutitude ion density on a tinw scale of days, and the orbit by ochit variations

1 at the same peomagnetic location in the avrche o lwinte:) hemisphrs for the nuagnetically quiet

1 time period chosen show gond qualitative agrevment with the divraal dependniice predicted by a

. theoretical madel of the ionospheric density at hi;h latitudes under conditions of low convection

_ sperds (Sojk ot al, 1981al.
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L Seasonal Variations of the High-Latitude F Region for Strong Convection

J.J. SOJKA, R. W. SCHUNK AND W. J. RAITT
Center for Atmospheric and Space Sciences, Utah State University, Logan, Utah 84322
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model ip order to study the seasonal variations of the high-latitude F region for strong convec:
tion. Our numerical study produced tirne-dependent, three-dimensional, ion density distributions
for the jona NO*. 0,*, N,*, 0%, N*, and He*. We covered the high-latitude ionospbere above 42°N
magnetic latitude and at altitudes between 160 and 800 km for & time peniod of one complete day.
- From our study we found the following: {1) For strong convection, the high-latitude ionospbere
- exhibits a significant UT variation both during winter and summer. (2) In general, the electron
density is lower in winter than io summer. However, at certain universal times the electron den-
sity io the dayside polar cap is larger in winoter than in summer owing to the effect of the mid-
latitude ‘winter anomaly’ in combinstion with strong antisunward convection. {3) 1o botb sum-
mer and winter, the major region of low electron density is associated with the main or mid-
latitude trough. The trough is deeper and its local time extent is much grester in winter than in
summer. (4) Typically, the electron density exhibits a much larger varistion with altitude in
winter than in summer. (5} The ion composition and molecular/atomic ion transition altitude are
highly UT dependent in both summer and wicter. {6) The ion composition also displays a signifi-
cant sessonal variation. However, at & given location the seasonal variation can be opposite at
different universal times. (T) High-speed convection cella should display a marked seasonal varia-
tion, with a much larger concentration of molecular iona near the F region peak in summer thas in
winter.

b We combived 8 plasma convection model with an ionospheric-stmospheric composition
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